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IMAGE PICKUP UNIT, OPTICAL UNIT, AND
MANUFACTURING METHOD FOR THE
IMAGE PICKUP UNIT

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Japanese Applica-
tions No. 2008-262070 filed 1n Japan on Oct. 8, 2008 and No.
2008-264503 filed 1 Japan on Oct. 10, 2008, the contents of

which are incorporated herein by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1mage pickup unit, an
optical unit, and a manufacturing method for the image
pickup unit.

2. Description of the Related Art

An electronic endoscope, a cellular phone with camera, a
digital camera, and the like including an 1image pickup unit
provided with a solid-state 1mage pickup device such as a
CCD or a CMOS are being widely spread.

A main section of the image pickup unit includes the solid-
state image pickup device and an optical unit including a lens
for making an optical image of a subject incident on a light
receiving section of the solid-state 1image pickup device. In
the cellular phone with camera and the digital camera reduced
in size and thickness or the electronic endoscope adapted to
view sideways and reduced in diameter of an msertion sec-
tion, for the purpose of, for example, bending an optical axis
or realizing a reduction in thickness of the image pickup unit,
the optical unit further includes a bending optical element
such as a prism. The 1image pickup unit 1n which the optical
unit includes the bending optical element 1s disclosed 1n, for
example, Japanese Utility Model Laid-Open No. Hei
7-24088.

As shown 1n FI1G. 1, amain section of an 1image pickup unit
65 disclosed 1n Japanese Utility Model Laid-Open No. Hei
7-24088 1ncludes an optical unit 68 and a solid-state 1mage
pickup device 64. A main section of the optical unit 68
includes a lens unit 62 and a prism 63. A main section of the
lens unit 62 includes a lens barrel 62c¢, a first lens unit 62a and
a second lens unit 625 including plural lenses provided 1n the
lens barrel 62¢, and a coupling frame 624 fit in an outer
circumierence on arear end side 1n an optical axis direction of
the lens barrel 62c.

Anincident surface 63a of the prism 63 1s bonded and fixed
to arear end 1n the optical axis direction of the coupling frame
62d4d. The solid-state image pickup device 64 1s fixed to an
emission surface 63¢ of the prism 63.

In the 1mage pickup unit 65 having such a configuration,
adjustment of an angle of deviation and centering of an opti-
cal system 1n the optical unit 68 can be realized by alignment
adjustment of the two lens units 62a and 625, the prism 63,
and the solid-state 1mage pickup device 64.

However, 1n the image pickup unit disclosed 1n Japanese
Utility Model Laid-Open No. Hei 7-24088, when the optical
unit 68 and the 1mage pickup unit 635 are manufactured, after
the prism 63 and the lens unit 62 are separately formed, the
prism 63 1s bonded to a rear end portion of the coupling frame
62d of the lens unit 62. Since work for adjusting the angle of
deviation and the centering of the optical system 1n the optical
unit 68 1s diflicult and takes long time, the work causes an
increase 1n cost. There 1s a demand for a manufacturing
method that can manufacture a large number of optical units
and 1mage pickup units at a time at low cost.
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On the other hand, a main section of the 1image pickup unit
includes the solid-state 1mage pickup device and an optical
unit including a lens for making an optical image of a subject
incident on a light receiving section of the solid-state image
pickup device. In recent years, as the optical unit, an optical
umt i which optical components are laminated in plural
layers 1s well known. The optical unit 1s formed by slicing an
optical unit water after bonding plural lens waters, which
form the optical components such as a lens, a stop, and a
spacer, and forming the optical unit water.

As the image pickup unit, an 1image pickup unit 1s well
known which 1s formed by slicing an 1image pickup unit water
aiter bonding plural lens wafers, which form the optical com-
ponents such as a lens, a stop, and a spacer, and forming an
optical unit wafer and further bonding a sensor water includ-
ing a solid-state image pickup device to the optical unit watfer
and forming the 1mage pickup unit water.

For example, Japanese Patent Application Laid-Open Pub-
lication No. 2004-29534 discloses an 1image pickup unit 224
formed by, as shown 1n FIG. 2, bonding an image pickup
device 223 to a bottom surface of an optical unit 222 formed
by laminating lenses 222a to 222c¢ as optical components in
plural layers to have spaces 1n an optical axis direction 1n a
part between the lenses 222a and 2225 and between the lenses
222b and 222c.

In the optical unit 222 shown 1n FI1G. 2, the optical unit 222
1s formed by cutting an optical unit water by dicing or the like
alter bonding a lens water including the lens 222a, a lens
waler including the lens 2225, and a lens water including the
lens 222¢ and forming the optical umit wafer. As an external
shape of the optical unit 222, as shown in FIG. 2, a planar
shape viewed from above 1s often a square shape or a polygo-
nal shape because of a limitation 1n a processing method.

In the optical unit 222 disclosed 1n Japanese Patent Appli-
cation Laid-Open Publication No. 2004-29554, an area func-
tioning as an optical lens, 1.e., an area functioning to focus an
optical image of a subject on the 1image pickup device 223 1n
the optical unit 222, 1n other words, an area through which a
light beam from the subject passes 1s set to a dimension equal
to or smaller than a dimension of a circle C inscribed 1n a
square forming an external shape of the optical unit 222 as
shown 1n FIG. 2 1n a state of plan view from above.

Therefore, as explained above, since the external shape of
the optical unit 222 1s formed 1n the square shape or the like
because of the limitation 1n the processing method, as shown
in FIG. 2, an area D as an outer circumierential area of the
circle C1s an optically ineffective area 1n the state of plan view
from above. Therefore, a useless area 1s formed 1n the optical
unit 222.

As shown in FIGS. 3 and 4, 1n general, 1n an insertion
section distal end 231 of an endoscope, besides an 1mage
pickup unit 234, a light guide 235 for illumination, a treat-
ment instrument inserting-through channel 236, and the like
are provided around the image pickup unit 234. As shown 1n
FI1G. 4, an external dimension of the insertion section distal
end 231 of the endoscope 1s determined by an external shape
of the image pickup unit 234 itself and an external shape of the
light guide 235 for 1llumination and the treatment instrument
iserting-through channel 236. However, even 1n this case, 1f
an optically melfective area E 1s formed 1n the image pickup
unit 234, the external shape of the image pickup umt 234 1s
increased 1n size. Therefore, the insertion section distal end
231 of the endoscope 1s increased in diameter. This may be a

cause of pain for a patient.

SUMMARY OF THE INVENTION

A manufacturing method for an 1mage pickup unit accord-
ing to an embodiment of the present invention includes: a step
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of bonding plural lens wafers, on which optical components
are Tormed, and forming a lens unit water including plural
lens units; a step of bonding a bending optical element watfer
including plural bending optical elements to a first surface of
the lens unit water such that the plural bending optical ele-
ments are respectively opposed to the plural lens units and
forming an optical umt waier; a step of bonding a sensor
waler including plural solid-state image pickup devices to a
second surface opposed to the first surface of the lens unit
waler 1n the optical unit water such that the plural solid-state
image pickup devices are respectively opposed to the plural
lens units and forming an 1mage pickup unit water; and a step
of separating and individualizing the image pickup unit water
for each of the lens units, the bending optical elements, and
the solid-state image pickup devices and manufacturing plu-
ral 1mage pickup units.

An optical unit including a laminated body according to
another embodiment of the present imvention includes: an
image pickup optical section formed to have, 1n a state of plan
view from above of the laminated body formed by bonding,
plural optical components, an 1mage pickup lens along a
laminating direction of the optical components 1n a first area
of the laminated body; and an illumination optical section
formed to have, 1n the state of plan view from above of the
laminated body, an i1llumination lens along the laminating
direction 1 a second area set to avoid the image pickup
optical section.

An 1mage pickup unit including an optical unit and an
image pickup device mounted with the optical unit according
to still another embodiment of the present invention includes:
an 1mage pickup optical section formed to have, 1n a state of
plan view from above of the optical unit including a laminated
body formed by bonding plural optical components, an image
pickup lens along a laminating direction of the optical com-
ponents 1n a first area of the optical unit; an 1llumination
optical section formed to have, in the state of plan view from
above of the optical unit, an 1llumination lens along the lami-
nating direction in a second area set to avoid the image pickup
optical section; a first recess drilled along the laminating
direction from a bottom surface of the optical unit 1n the
second area of the optical unit; and the image pickup device
having an 1mage pickup section and a first peripheral circuit
section, 1n which a light emitting element 1s provided, and
bonded to the bottom surface of the optical unit such that the
image pickup section 1s located in the first area, the first
peripheral circuit section and the light emitting element are
located 1n the second area, and the light emitting element 1s
located 1n the first recess.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic partial sectional view of a configu-
ration of a conventional 1mage pickup unit;

FIG. 2 1s a schematic perspective view of the configuration
ol the conventional 1image pickup unait;

FIG. 3 1s a schematic partial sectional view of a configu-
ration of an insertion section distal end side 1n a state 1n which
the conventional 1image pickup unit 1s provided at a distal end
of an 1nsertion section of an endoscope;

FI1G. 4 1s a plan view of FIG. 3 viewed from an X direction;

FIG. 5 15 a top view of an optical unit according to a first
embodiment of the present invention;

FIG. 6 1s a sectional view of the optical unit taken along
VI-VI line 1n FIG. §;

FIG. 7 1s a sectional view of a configuration of a modifi-
cation of the optical unit shown 1n FIG. 6;
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FIG. 8 1s a top view of an 1mage pickup unit according to
the first embodiment;

FIG. 9 1s a sectional view of the image pickup unit taken
along IX-IX line 1n FIG. 8;

FIG. 10 1s a partial sectional view of a lens unit wafer;

FIG. 11 1s a partial sectional view of a state 1n which a
bending optical element wafer 1s bonded to a first surface of
the lens unit water shown 1n FIG. 10 to form an optical unit
walfer:

FIG. 12 1s a partial sectional view of a state 1n which a
sensor waler 1s bonded to a second surface of the lens unit
waler shown 1n FIG. 11 to form an image pickup unit wafer;

FIG. 13 1s a partial sectional view of a state 1n which dicing,
lines are formed for respective lens units on the 1mage pickup
unit water shown in FIG. 12;

FIG. 14 1s a partial sectional view of a state in which plural
image pickup units are individualized from the image pickup
unmit wafer starting from the dicing lines shown 1n FI1G. 13;

FIG. 15 1s a top view of an optical unit according to a
second embodiment of the present invention;

FIG. 16 1s a sectional view of the optical unit taken along,
XVI-XVI line 1n FIG. 15;

FIG. 17 15 a top view of an image pickup unit according to
the second embodiment;

FIG. 18 1s a sectional view of the image pickup unit taken
along XVIII-XVIII line i FI1G. 17,

FIG. 19 1s a partial sectional view of a lens unit wafer;

FIG. 20 1s a partial sectional view of a state in which a
bending optical element water 1s bonded to a first surface of
the lens unit wafer shown in FIG. 19 to form an optical umit
walfer:

FIG. 21 1s a partial sectional view of a state in which plural
optical units are individualized from the optical unit water
shown 1n FIG. 20;

FIG. 22 1s a perspective view of an endoscope apparatus
including an endoscope provided with an optical unit or an
image pickup unit;

FIG. 23 1s a perspective view of an 1image pickup unit
according to a third embodiment of the present invention;

FIG. 24 1s a sectional view of the image pickup unit taken
along XXIV-XXIV line i FIG. 23;

FIG. 25 1s a sectional view of an 1image pickup unit accord-
ing to a fourth embodiment of the present invention;

FIG. 26 1s an enlarged perspective view of a flat plate
shown 1n FIG. 25;

FIG. 27 1s a sectional view of an 1image pickup unit accord-
ing to a fifth embodiment of the present invention; and

FIG. 28 1s a sectional view of a configuration of a modifi-
cation of the image pickup unit according to the fifth embodi-
ment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
By

ERRED

Embodiments of the present invention are explained below
with reference to the accompanying drawings.
(First Embodiment)

First, a configuration of an optical unit manufactured by a
manufacturing method for an optical unit according to a first
embodiment of the present invention 1s explained with refer-
ence to FIGS. 5§ and 6. As shown 1in FIGS. 5 and 6, a main
section of an optical unit 1 includes a lens unit 2 and a bending
optical element 3.

The lens unit 2 forms an optical image emitted from the
bending optical element 3 on a solid-state 1image pickup
device 4 (see FIG. 9) explained later. A main section of the
lens umit 2 includes a flat plate 2a formed of a transparent
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member, a spacer 2b superimposed on the flat plate 2a and
having a through hole formed 1n an optical path of light beam
L. of the optical image, a lens member 2¢ superimposed on the
spacer 26 and having a convex convex lens 2¢/ located 1n the
optical path of the light beam L, a stop 24 superimposed on
the lens member 2¢ and having a through hole formed 1n the
optical path of the light beam L, and a flat plate 2¢ superim-
posed on the stop 24 and formed of a transparent member. In
other words, the lens unit 2 1s formed by laminating the plural
optical members (2a to 2¢). The lens unit 2 may include not
only one convex convex lens 2¢/ but also plural lenses.

A first surface 2f of the lens unit 2 forms an incident surface
of the light beam L on the lens unit 2. A second surface 2g
opposed to the first surface 2/ of the lens unit 2 forms an
emission surface of the light beam L from the lens unit 2. The
stop 2d may be located between the tlat plate 2a and the lens
member 2¢ 1nstead of the spacer 2b. The spacer 26 may be
located between the lens member 2¢ and the flat plate 2e
instead of the stop 2d. The entire flat plates 2a and 2¢ do not
need to be formed of the transparent members. Only the
optical paths of the light beam L have to be formed of the
transparent members.

The bending optical element 3 includes, for example, a
prism. The bending optical element 3 1s provided by bonding,
the emission surface 3¢ to an outer surface of the flat plate 2¢
serving as the first surface 2f of the lens unit 2. The bending
optical element 3 may include not only the prism but also a
reflecting mirror and the like.

The bending optical element 3 refracts, on an inclined
plane 35, the light beam L of the optical image made incident
from an 1ncident surface 3a, 1.¢., changes a direction of the
light beam L on the inclined plane 36 and makes the light
beam L incident on the lens unit 2 from the emission surface
3c.

As shown 1n FIG. 7, the inclined plane 35 may be formed as

a curved surface 34'. In this case, since the curved surface 34'
functions as a convex lens, as shown 1n FIG. 7, a lens of the
lens member 2¢ of the lens unit 2 may be a plano-convex lens
2¢' rather than the convex convex lens 2¢/. Therefore, a
material of the lens member 2¢ can be reduced from that in the
configuration shown 1n FIG. 6.
In the optical unit 1 having such a configuration, incident
light beam L from a subject image 1s made incident on the
bending optical element 3 from the incident surface 3a of the
bending optical element 3, refracted on the inclined plane 35
or the curved surface 34', and then emitted from the emission
surface 3¢. The light beam L emitted from the emission sur-
face 3¢ 1s made 1ncident on the lens unit 2 from the first
surface 2/ of the lens unit 2 and emitted to the solid-state
image pickup device 4 explained later from the second sur-
face 2g.

A configuration of an image pickup unit manufactured by
a manufacturing method for an 1image pickup unit according
to the present embodiment 1s explained with reference to
FIGS. 8 and 9. As shown 1n FIGS. 8 and 9, a main section of
an 1mage pickup unit 5 includes the optical unit 1 and the
solid-state 1mage pickup device 4. A configuration of the
optical unit 1 1s the same as the configuration shown in FIGS.
5 to 7. Therelore, explanation of the configuration 1s omitted.

The solid-state 1mage pickup device 4 1s provided to be
bonded to the second surface 2g of the lens unit 2, specifically,
an outer surface of the flat plate 2a 1n a position where a light
receiving section 4a recerves the light beam L emitted from
the second surface 2¢g of the lens unit 2.

The solid-state image pickup device 4 receives, in the light
receiving section 4a, an optical image formed via the bending,
optical element 3 and the lens unit 2 and performs exchange
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ol a video signal with an external device via a wire piercing
through a not-shown substrate that fixes the solid-state image
pickup device 4.

Manufacturing methods for the optical unit 1 and the image
pickup unit 5 shown i FIGS. 5 to 9 are explained with
reference to FIGS. 10 to 14.

First, as shown in FIG. 10, plural lens waters on which
optical components are formed are bonded to form a lens unit
waler 12 including a plurality of the lens units 2. Specifically,
first, the lens unit water 12 1s formed by superimposing and
bonding a lens water 125 including a plurality of the spacers
2b6 on a lens water 12a including a plurality of the flat plates
2a, superimposing and bonding a lens wafer 12¢ including a
plurality of the lens members 2¢ on the lens water 125,
superimposing and bonding a lens water 124 including a
plurality of the stops 24 on the lens water 12¢, and superim-
posing and bonding a lens watfer 12¢ including a plurality of
the flat plates 2¢ on the lens water 12d. As a result, a plurality
of the lens units 2 including the flat plates 2a, the spacers 25,
the lens members 2¢, the stops 2d, and the flat plates 2e are
formed on the lens umt water 12.

The lens waters 12a to 124 are bonded such that transpar-
ent sections of the flat plates 2a and 2e, the through holes of
the spacers 26 and the stops 2d, and the convex convex lenses
2c/ of the lens members 2¢ are respectively located on optical
axes of light beams L.

Subsequently, as shown i FIG. 11, a bending optical ele-
ment wafter 13 including a plurality of the bending optical
clements 3 1s bonded to the first surface 12/ forming an
incident surface of the light beam L of the lens unit wafer 12,
specifically, an outer surface of the lens watfer 12¢ such that
the bending optical elements 3 are respectively opposed to the
lens units 2 and emission surfaces 3¢ of the bending optical
clements 3 are set in contact with the lens units 2. An optical
unmit water 10 including a plurality of the optical units 1 1s
formed.

In this state, although not shown 1n the figure, 11 the optical
unmit water 10 1s separated and individualized for each of the
lens units 2, 1.e., for each of the optical units 1 and the bending
optical elements 3, a plurality of the optical units 1 shown 1n
FIGS. 5 and 6 are manufactured.

When the image pickup unit 5 1s manufactured, as shown in
FIG. 12, a sensor water 14 including a plurality of the solid-
state 1mage pickup devices 4 1s bonded to the second surface
12g forming an emission surface of the light beam L opposed
to the first surface 12f of the lens unit wafer 12 in the optical
unmit wafer 10 shown in FIG. 11, specifically, an outer surface
of the lens wafer 12a such that the solid-state image pickup
devices 4 are respectively opposed to the lens units 2. An
image pickup unit water 15 including a plurality of the image
pickup units 3 including the optical units 1 and the solid-state
image pickup devices 4 1s formed.

Specifically, as shown in FIG. 12, the sensor water 14 1s
bonded to the second surface 12¢g of the lens unit water 12 in
positions where light receiving sections 4a of the solid-state
image pickup devices 4 receive the light beams L emitted
from the lens units 2.

Thereatter, as shown 1n FIG. 13, dicing lines 6 are formed
in the 1mage pickup unit water 135 respectively for the lens
units 2 and the bending optical elements 3 and the solid-state
image pickup devices 4, 1.¢., the image pickup units 5. As
shown in FIG. 14, the image pickup unit water 15 1s separated
and individualized on the basis of the dicing lines 6. Then, a
plurality of the 1image pickup units 5 shown in FIGS. 8 and 9
are manufactured.

In this way, 1n the present embodiment, the plural optical
units 1 are manufactured by bonding the plural lens waters
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12a to 12e, on which the optical components are formed, and
forming the lens unit water 12 including the plural lens unit 2,
bonding the bending optical element water 13 including the
plural bending optical elements 3 to the first surface 12/ of the
lens unit water 12 and forming the optical unit wafer 10, and
individualizing the optical unit water 10.

The plural image pickup units 5 are manufactured by bond-
ing the sensor water 14 including the plural solid-state image
pickup devices 4 to the second surface 12¢ 1n the lens unit
waler 12 of the optical unit wafer 10 and forming the image
pickup unit wafter 15 and individualizing the 1mage pickup
unit water 15.

Consequently, the optical unit 1 shown 1n FIGS. 5 and 6 or
the 1mage pickup unit 5 shown 1n FIGS. 8 and 9 1s formed at
a water level. Therefore, focus adjustlessness can be realized
by adjusting and managing the thicknesses of the waters that
form the optical units 1 or the image pickup units 3.

Accurate alignment adjustment can be easily performed by
using a waler process. Therefore, work for adjusting an angle
of deviation and centering of an optical system 1n the optical
unit 1 1s substantially reduced. A large number of optical units
1 or the 1image pickup units 5 can be collectively manufac-
tured. Consequently, high yield and low cost can be realized.

As explained 1n a second embodiment of the present inven-
tion later, a recess or an opening (both of which are not shown
in the figure) 1s formed 1 a position opposed to the light
receiving section 4a of the solid-state image pickup device 4
on the second surtace 2g of the lens unit 2 of the optical unit
1. Then, the image pickup unit 5 can be manufactured without
spoiling a microlens effect of the solid-state 1mage pickup
device 4.

Consequently, 1t 1s possible to provide the manufacturing
method for the optical unit 1 and the manufacturing method
for the image pickup unit 5 that can reduce work for adjusting
an angle of deviation and centering of the optical system 1n
the optical unit 1 and efficiently manufacture the optical unit
1 and the image pickup unit 5 as well as the optical unit 1 and
the 1mage pickup unit 5.

(Second Embodiment)

An optical unit and an 1mage pickup unit according to a
second embodiment of the present invention are explained
below. Configurations of the optical unit and the image
pickup unit according to the present embodiment are different
from those of the optical unit and the 1mage pickup unit
according to the first embodiment in that a direction of light
made incident on the optical unit 1s opposite and the solid-
state image pickup device 1s bonded to the emission surface of
the bending optical element. Therefore, only these differ-
ences are explained. Components same as those 1n the first
embodiment are denoted by the same reference numerals and
signs and explanation of the components 1s omitted.

First, a configuration of an optical unit manufactured by a
manufacturing method for an optical unit according to the
present embodiment 1s explained with reference to FIGS. 15
and 16. As shown 1n FIGS. 15 and 16, a main section of an
optical unit 41 includes a lens unit 42 and a bending optical
clement 43.

The lens unit 42 forms an optical 1image on a solid-state
image pickup device 44 (see FIG. 18) explained later via the
bending optical element 43. A main section of the lens unit 42
includes a flat plate 42a formed of a transparent member, a
spacer 42b superimposed on the flat plate 42q and having a
through hole formed 1n an optical path of light beam L of the
optical image, a lens member 42¢ superimposed on the spacer
42bH and having a convex convex lens 42¢/ located 1n the
optical path of the light beam L, a stop 42d superimposed on
the lens member 42¢ and having a through hole formed 1n the
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optical path of the light beam L, and a tlat plate 42¢ superim-
posed on the stop 424 and formed of a transparent member. In
other words, the lens unit 42 1s formed by laminating the
plural optical members (42a to 42¢). The lens unit 42 may
include not only one lens 42¢/ but also plural lenses.

A first surface 42/ of the lens umt 42 forms an emission
surface of the light beam L from the lens unit 42. A second
surface 42¢g opposed to the first surface 427 of the lens unit 42
forms an incident surface of the light beam L on the lens unit
42.

The stop 424 may be located between the tlat plate 424 and
the lens member 42¢ instead of the spacer 425. The spacer 4256
may be located between the lens member 42¢ and the flat plate
42¢ 1nstead of the stop 42d. The entire flat plates 42a and 42¢
do not need to be formed of the transparent members. Only
the optical paths of the light beam L have to be formed of the
transparent members.

The bending optical element 43 includes, for example, a
prism. The bending optical element 43 1s provided by bond-
ing an incident surface 43¢ to an outer surface of the flat plate
42¢ serving as the first surface 42f of the lens unit 42. The
bending optical element 43 1s may include not only the prism
but also a reflecting mirror and the like.

The bending optical element 43 refracts, on an inclined
plane 435, the light beam L of the optical image made inci-
dent from the first surface 42/ of the lens unit 42, 1.e., changes
a direction of the light beam L on the inclined plane 435 and
makes the light beam L incident on the solid-state 1mage
pickup device 44 from an emission surface 43a. The inclined
plane 435 may be formed as a curved surface as shown in FIG.
7.

A recess 43d 1s formed 1n the emission surface 43a of the
bending optical element 43. An optical surface 434t 1s formed
on a bottom surface of the recess 43d. The light beam L 1s also
emitted from the optical surface 434z

In the optical unit 41 having such a configuration, incident
light beam L from a subject image 1s made incident on the lens
unit 42 from the second surface 42g, made incident on the
bending optical element 43 from the first surface 42/ via the
incident surface 43¢, refracted on the inclined plane 435, and
then emitted from the emission surface 43a. The light beam L
emitted from the emission surface 43a 1s made incident on the
solid-state 1image pickup device 44 explained later.

A configuration of an 1image pickup unit manufactured by
a manufacturing method for an 1image pickup unit according
to the present embodiment 1s explained with reference to
FIGS. 17 and 18.

As shown 1n FIGS. 17 and 18, a main section of an image
pickup unit 45 includes the optical unit 41 and the solid-state
image pickup device 44. A configuration of the optical unit 41
1s the same as the configuration shown in FIGS. 15 and 16.
Theretfore, explanation of the configuration 1s omaitted.

The solid-state image pickup device 44 1s provided to be
bonded to the emission surface 43a of the bending optical
clement 43 after being aligned 1n a position where a space 1s
formed between a light receiving section 44a and the optical
surface 43dt and the light receiving section 44a receives the
light beam L emitted from the optical surface 434d?.

The solid-state 1mage pickup device 44 receives, 1n the
light receiving section 44a, an optical image formed via the
lens unit 42 and the bending optical element 43 and performs
exchange of a video signal with an external device via a
not-shown wire electrically connected to an electrode 4456 of
the solid-state image pickup device 44.

Manufacturing methods for the optical unit 41 and the
image pickup unit 45 shown 1n FIGS. 135 to 18 are explained
with reference to FIGS. 19 to 21.
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First, as shown 1n FIG. 19, plural lens waters on which
optical components are formed are bonded to form a lens unit
waler 12' including a plurality of the lens units 42. Specifi-
cally, first, the lens unit water 12'1s formed by superimposing
and bonding a lens water 125' including a plurality of the
spacers 426 on a lens water 124' including a plurality of the
flat plates 42a, superimposing and bonding a lens water 12¢'
including a plurality of the lens members 42¢ on the lens
waler 125", superimposing and bonding a lens water 124"
including a plurality of the stops 424 on the lens water 12¢',
and superimposing and bonding a lens water 12¢' including a
plurality of the flat plates 42¢ on the lens wafer 124". As a
result, a plurality of the lens units 42 including the flat plates
42a, the spacers 42b, the lens members 42¢, the stops 424, and
the flat plates 42¢ are formed on the lens unit water 12'.

The lens waters 124" to 124" are bonded such that transpar-
ent sections of the flat plates 42a and 42e, the through holes of
the spacers 425 and the stops 424, and the lenses 42¢/ of the
lens members 42¢ are respectively located on optical axes of
light beams L.

Subsequently, as shown 1n FIG. 20, a bending optical ele-
ment waler 13' including a plurality of the bending optical
clements 43 1s bonded to a first surface 12f forming an emis-
sion surface of the light beam L of the lens unit water 12',
specifically, an outer surface of the lens water 12¢' such that
the bending optical elements 43 are respectively opposed to
the lens units 42 and incident surfaces 43¢ of the bending
optical elements 43 are set 1n contact with the lens units 42.
An optical unit water 10' including a plurality of the optical
units 41 1s formed.

Subsequently, as shown in FIG. 21, when the optical unit
waler 10' 1s separated and individualized for each of the lens
units 42 and the bending optical elements 43, 1.¢., for each of
the optical units 41, a plurality of the optical units 41 shown
in FIGS. 15 and 16 are manufactured.

Finally, when the image pickup unit 45 1s manufactured, as
shown 1n FIG. 18, the solid-state image pickup devices 44 are
respectively aligned and adjusted and bonded to the emission
surfaces 43a of the bending optical elements 43 of the 1ndi-
vidualized optical units 41.

Specifically, the solid-state 1image pickup devices 44 are
respectively bonded to the emission surfaces 43a 1n positions
where spaces are formed between the light recerving sections
d4a and the optical surfaces 43d¢ and the light receiving
sections 44a recerve the light beams L emitted from the opti-
cal surfaces 43dt. As a result, a plurality of the image pickup
units 45 shown in FIGS. 17 and 18 are manufactured.

With such a configuration, since the solid-state 1mage
pickup device 44 1s individually bonded, work efliciency falls
from that in the first embodiment. Otherwise, effects same as
those 1n the first embodiment can be obtained. Besides, the
solid-state 1image pickup device 44 is joined to the emission
surface 43a of the bending optical element 43 with a space
formed on the light receiving section 44a of the solid-state
image pickup device 44. Therelore, the solid-state 1image
pickup device 44 can be formed without spoiling an effect of
a microlens used for improving the performance of the image
pickup unit 45. Since the bending optical element 43 1s
arranged on the solid-state 1mage pickup device 44, a degree
of freedom 1n optical design 1s improved. Compared with the
first embodiment, the image pickup unit 45 can be formed low
in height.

The optical unit or the image pickup unit explained 1n the
first and second embodiments 1s provided 1n, for example, an
endoscope.

As shown 1n FI1G. 22, an endoscope apparatus 101 includes
an endoscope 102 and a peripheral apparatus 100. A main
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section of the endoscope 102 includes an operation section
103, an insertion section 104, and a universal cord 105.

A main section of the peripheral apparatus 100 includes a
light source device 121, a video processor 122, a connection
cable 123, a keyboard 124, and a monitor 125 arranged on a
rack 126. The endoscope 102 and the peripheral apparatus
100 having such configurations are connected to each other
by a connector 119.

The 1nsertion section 104 of the endoscope 102 includes a
distal end portion 106, a bending portion 107, and a flexible
tube portion 108. An object lens 111 1s disposed on a side
surface of the distal end portion 106. The image pickup unit 5
or the image pickup unit 45 1s incorporated in the distal end
portion 106.

The connector 119 1s provided at the distal end of the
umversal cord 105 of the endoscope 102. The connector 119
1s connected to the light source device 121 of the peripheral
apparatus 100. A not-shown light guide cap forming an end of
a not-shown light guide, an electric contact section to which
an end of a not-shown 1mage pickup cable 1s connected, and
the like are disposed 1n the connector 119.

The image pickup cable 1s inserted from the solid-state
image pickup device 4 or the solid-state image pickup device
44 1n the distal end portion 106 to the electric contact section
in the connector 119 through the insertion section 104, the
operation section 103, and the umiversal cord 105. The image
pickup cable transmits an electric signal of an 1mage picked
up by the solid-state image pickup device 4 or the solid-state
image pickup device 44 to the video processor 122.

As explained above, if the optical unit or the image pickup
unit explained 1n the first and second embodiments 1s pro-
vided 1n the distal end portion of the insertion section of the
endoscope, the distal end portion can be further reduced 1n
diameter.

The optical unit or the image pickup unit explained in the
first and second embodiments may be applied not only to the
endoscope but also to a cellular phone with camera and a
digital camera.

As explamned above, according to the present invention
illustrated in the first and second embodiments, it 1s possible
to reduce work for adjusting an angle of deviation and cen-
tering ol an optical system 1n an optical unit. Further, it 1s
possible to provide a manufacturing method for an optical
umt and a manufacturing method for an 1image pickup unit
that can reduce work for adjusting an angle of deviation and
centering ol an optical system 1n an optical unit and efficiently
manufacture an optical umt or an image pickup unit and
provide an optical unit and an 1image pickup umt manufac-
tured by the manufacturing methods.

In other words, since an optical unit or an 1image pickup unit
1s formed at a water level, focus adjustment 1s made unnec-
essary by adjusting and managing the thickness of a wafer
forming the optical unit or the 1image pickup unit. Further,
accurate alignment can be easily performed by using a wafer
process. Therefore, work for adjusting an angle of deviation,
centering, and the like of an optical system 1n the optical unit
1s substantially reduced and a large number of optical units or
image pickup units can be collectively formed. Therefore, 1t 1s
possible to realize high yield and low cost.

The present invention illustrated in the first and second
embodiments are as explained below.

(1) A manufacturing method for an optical unit including;:

a step ol bonding plural lens wafers, on which optical
components are formed, and forming a lens unit water includ-
ing plural lens units;

a step of bonding a bending optical element water includ-
ing plural bending optical elements to a first surface of the
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lens unit water such that the plural bending optical elements
are respectively opposed to the plural lens units and forming
an optical unit waiter; and

a step ol separating and individualizing the optical unit
waler for each of the lens units and the bending optical ele-
ments and manufacturing plural optical units.

(2) A manufacturing method for an image pickup unit includ-
ng:

a step of bonding plural lens waters, on which optical
components are formed, and forming a lens unit wafer includ-
ing plural lens units;

a step of bonding a bending optical element water includ-
ing plural bending optical elements to a first surface of the
lens unit water such that the plural bending optical elements
are respectively opposed to the plural lens units and forming
an optical unit wafer;

a step of bonding a sensor water including plural solid-state
image pickup devices to a second surface opposed to the first
surface of the lens unit wafer 1n the optical unit water such
that the plural solid-state 1image pickup devices are respec-
tively opposed to the plural lens units and forming an 1image
pickup unit water; and

a step of separating and individualizing the 1mage pickup
unit wafer for each of the lens units, the bending optical
clements, and the solid-state image pickup devices and manu-
facturing plural image pickup units.

(3) The manufacturing method for an image pickup unit
according to (2) above, wherein

the first surface of the lens unit water forms incident sur-
faces of light beams on the respective lens units, and

the step of forming an 1mage pickup unit water 1s bonding
the sensor wafer to the second surface, which forms emission
surfaces of light beams from the respective lens units of the
lens unit wafer, 1n positions where light recetving sections of
the respective solid-stage 1image pickup devices recerve light
beams emitted from the respective lens units.

(4) A manufacturing method for an image pickup unit includ-
ng:

a step of bonding plural lens waters, on which optical
components are formed, and forming a lens unit wafer includ-
ing plural lens unaits;

a step of bonding a bending optical element water includ-
ing plural bending optical elements to a first surface of the
lens unit water such that the plural bending optical elements
are respectively opposed to the plural lens units and forming
an optical unit wafer;

a step of separating and individualizing the optical unit
waler for each of the lens units and the bending optical ele-
ments and manufacturing plural optical units; and

a step of respectively bonding solid-state 1mage pickup
devices to emission surfaces of light beams of the bending
optical elements of the respective optical units.

(5) The manufacturing method for an image pickup unit
according to (4) above, wherein

recesses are respectively formed 1n the emission surfaces
of the respective bending optical elements and optical sur-
faces are respectively formed on bottom surfaces of the
recesses, and

the step of bonding solid-stage 1image pickup devices 1s
bonding the solid-state 1mage pickup devices in positions
where spaces are formed between the respective light recerv-
ing section of the solid-state 1image pickup devices and the
optical surfaces of the bending optical elements and the light
receiving sections recerve light beams emitted from the
respective optical surfaces.
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(6) The manufacturing method for an 1mage pickup unit
according to (4) or (5) above, wherein
the first surtace of the lens unit waler forms emission

surfaces of light beams from the respective lens units, and
the step of forming an optical unit water 1s bonding the

bending optical element wafer to the emission surfaces of the
lens unit water.

(7) An optical umt manufactured by the manufacturing
method for an optical unit according to (1) above.

(8) An 1image pickup unit manufactured by the manufacturing
method for an 1image pickup unit according to any one of
(2) to (6) described above.

(9) An endoscope including the optical unit according to (7)
above.

(10) An endoscope including the image pickup unit according,
to (8) above.

(Third Embodiment)

An optical unit and an 1image pickup unit according to a
third embodiment of the present mvention are explained
below. As shown 1n FIGS. 23 and 24, a main section of an
image pickup unit 201 according to the present embodiment
includes an 1image pickup device 202 and an optical unit 203.

A main section of the optical unit 203 includes a tlat plate
217 as an optical component, a spacer member 208 as an
optical component bonded on the flat plate 217, a flat plate
218 as an optical component bonded on the spacer member
208, a stop 207 as an optical component bonded on the flat
plate 218, and a flatplate 219 as an optical component bonded
on the stop 207. In other words, the optical unit 203 1s formed
as a laminated body formed by bonding the plural optical
components 217 to 219, 207, and 208.

The stop 207 may be provided between the flat plate 217
and the flat plate 218. The spacer member 208 may be pro-
vided between the flat plate 218 and the flat plate 219. Further,
the spacer member 208 does not have to be provided.

The flat plate 217 has an image pickup lens 217a 1n a first
area 261 1n a state of plan view from above of the optical unit
203, for example, the center area. The flat plate 217 1s formed
of a transparent member, for example, glass.

The flat plate 218 has an 1mage pickup lens 2184 in the first
area 261 and has, for example, four 1llumination lenses 2185
in second areas 262 that avoid the first area 261 1n the state of
plan view from above of the optical unit 203, for example, a
peripheral area of the first area 261. The flat plate 218 1s
formed of a transparent member, for example, glass. The
second areas 262 are areas other than an area where a light
beam from a subject passes 1n the optical unit 203. Specifi-
cally, the center area in the state of plan view from above of
the optical unit 203 1s the first area 261 having a substantially
circular shape. Areas other than the first area 261 are the
second areas 262. When the state of plan view from above of
the optical unit 203 1s a rectangular shape, it 1s desirable that
the 1llumination lenses 21856 are respectively arranged, in
particular, at four corners in the second areas 262. It goes
without saying that only one illumination lens 2185 may be
provided.

The flat plate 219 has an image pickup lens 2194 1n the first
area 261 and has, for example, four 1llumination lenses 2195
in the second areas 262. The flat plate 219 1s made of a
transparent member, for example, glass. The 1image pickup
lenses 217a to 219a are provided to be opposed to one another
in a laminating direction S of the optical components 217 to
219,207, and 208 inthe firstarea 261. The illumination lenses
218b and 2195 are provided to be opposed to one another 1n
the laminating direction S 1n the second areas 262.

Specifically, in the optical unit 203, an 1mage pickup opti-
cal section A having the image pickup lenses 217a, 2184, and
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219a 1s formed along the laminating direction S in the first
area 261. Illumination optical sections B having the 1llumi-
nation lenses 2185 and 2195 are formed along the laminating,
direction S 1n the second areas 262.

The flat plates 217 to 219 may be formed of transparent
resin or a composite member of the transparent resin and the
glass without being limited to be formed of glass.

The spacer member 208 sets a space 1n the laminating
direction S between the tlat plate 217 and the tlat plate 218 to
an arbitrary dimension. The spacer member 208 1s formed of
a glass plate or a resin sheet. The stop 207 decides the bright-
ness (F number) of light made incident on the 1mage pickup
lenses 217a to 219a and blocks an unnecessary ray made
incident on the image pickup optical section A. The stop 207
1s formed of a black resin sheet or metal plate.

As shown 1n FIG. 24, 1n the second areas 262 of the optical
unit 203, first recesses 203/ are formed 1n the tlat plate 217,
the spacer member 208, and the flat plate 218 from a bottom
surface 203¢ of the optical unit 203 along the laminating
direction S.

The 1mage pickup device 202 including, for example, a
CMOS semiconductor device 1s bonded to the bottom surface
2037 of the optical unit 203 to be integral with the optical unit
203. Specifically, the image pickup device 202 has an image
pickup section 204 and first peripheral circuit sections 205
amounted with light emitting elements 209 including, for
example, white LEDs. The image pickup device 202 is
bonded to the bottom surface 2037 of the optical unit 203 such
that the 1image pickup section 204 1s located 1n the first area
261, the first peripheral circuit sections 205 and the light
emitting elements 209 are located 1n the second areas 262,
and the light emitting elements 209 are located 1n the first
recesses 2034

Light blocking members 210 that prevent i1llumination
light beams 1rradiated from the light emitting elements 209
from being made incident on the 1image pickup optical section
A 1s provided in the circumferential surface of the first
recesses 203/. Since the imncidence of the illumination light
beams on the 1mage pickup optical section A 1s eliminated by
the light blocking members 210, the image pickup section
204 can acquire a high-definition 1mage.

The 1llumination light beams 1rradiated from the light emait-
ting elements 209 are evenly expanded and irradiated to a
subject 1n the 1llumination lenses 21856 and 2195 1n the 1llu-
mination optical sections B. Light emitting operation of the
light emitting elements 209 is controlled by a not-shown
control section outside the image pickup unit 201 1n synchro-
nization with image pickup operation of the image pickup
section 204.

As shown 1n FI1G. 23, 1n the present embodiment, an exter-
nal shape of the image pickup device 202 and an external
shape of the optical unit 203 are the same. This 1s because,
when the 1mage pickup unit 201 1s manufactured, plural lens
walers, 1.e., a lens wafer including the flat plate 217, a lens
waler including the spacer member 208, a lens water includ-
ing the tlat plate 218, a lens water including the stop 207, and
a lens water including the flat plate 219 are bonded and
laminated to form an optical unit water, a sensor water includ-
ing the image pickup device 202 1s bonded to the optical unit
waler to form an 1mage pickup unit wafer, and then the image
pickup umit water is sliced and divided by, for example, dicing,
to manufacture the image pickup unit 201.

In FIG. 23, an external shape of the image pickup unit 201
1s shown as a square shape. However, the external shape of the
image pickup unit 201 may be a polygonal shape such as a
hexagonal shape.
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After the optical unit 203 1s separated from the optical unit
wafler, the 1image pickup unit 201 may be formed by bonding
the image pickup device 202 separated from the sensor water
to the optical unit 203. Further, after the image pickup device
202 15 bonded to the optical unit water, the image pickup unit
201 may be formed by separating the 1mage pickup device
202 or, after the optical unit 203 1s bonded to the sensor wafer,
the 1image pickup unit 201 may be formed by separating the
optical unit 203.

The external shapes of the optical unit 203 and the image
pickup device 202 do not need to be the same. The optical unit
203 and the image pickup device 202 may be formed 1n
different shapes.

As explained above, in the present embodiment, in the
image pickup unit 201, the image pickup optical section A 1s
formed 1n the first area 261 of the optical unit 203 and the
1llumination optical sections B are formed 1n the second areas
262. The image pickup section 204 1s located in the first area
261. The first peripheral circuit sections 205 and the light
emitting elements 209 are located 1n the second areas 262.

Consequently, since the areas other than the 1mage pickup
optical section A can be used as the illumination optical
sections B, 1t 1s possible to combine 1llumination functions to
improve the functions without increasing an 1image pickup
unit 1n s1ze. When the image pickup unit 1s provided at, for
example, an nsertion section distal end of an endoscope, an
isertion section distal end portion can be reduced 1n size.
When the 1mage pickup unit 1s provided 1n a capsule endo-
scope, the capsule endoscope itself can be reduced 1n size.
Since the image pickup optical section A and the i1llumination
optical sections B can be integrally manufactured 1n the opti-
cal unmit 203, assembly and machining cost for the image
pickup unit 201 1s reduced compared with the conventional
ones.

Therefore, it 1s possible to provide an optical unit and an
image pickup unit that can effectively utilize an area other
than an area where a light beam from a subject passes and
realize a reduction 1n size.

(Fourth Embodiment)

An optical unit and an 1image pickup unit according to a
fourth embodiment of the present invention are explained
below. Configurations of the optical unit and the image
pickup unit according to the present embodiment are different
from those of the optical unit and the 1mage pickup unit
according to the third embodiment in that a lens having a
rectangular shape in plan view from above 1s provided on the
image pickup lens 217q of the flat plate 217 and that a part of
the second areas 262 of the optical unit 1s set as a third area
263 and a radio transmitting and receiving section 1s provided
in the third area 263. Therefore, only these differences are
explained. Components same as those in the third embodi-
ment are denoted by the same reference numerals and signs
and explanation of the components 1s omitted.

As shown 1n FIG. 25, a resin lens 206 having a curved
surface on the surface of a glass plane 1s complexly formed on
the image pickup lens 217a of the flat plate 217. As shown 1n
FIG. 26, the resin lens 206 1s formed 1n a shape projecting 1n
a convex shape upward from a top surface formed 1n a plane
of the image pickup lens 217a. A shape 1n plan view from
above of the resin lens 206 1s a rectangular shape obtained by
linearly cutting oif four directions of a circular shape to match
a shape of the image pickup section 204 of the image pickup
device 202.

This 1s because, since an external shape of the image
pickup section 204 of the image pickup device 202 1s gener-
ally a square shape, 1t 1s desirable to form an effective external
shape of the resin lens 206 1n a substantial square shape
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according to a shape of a passing area of a light beam that
reaches the 1mage pickup section 204.

The resin lens 206 may be formed on the image pickup lens
218a or on the 1mage pickup lens 219a without being limited
to be formed on the image pickup lens 217a. Further, the resin
lens 206 may be formed on the 1llumination lenses 2185 or on
the 1llumination lenses 2195.

As shown m FIGS. 25 and 26, a radio transmitting and
receiving section G 1s provided 1n the third area 263, which 1s
a part of the second areas 262 of the optical unit 203. Because
the third area 263 1s a part of the second areas 262, the third
area 263 1s an area other than an area where a light beam from
a subject passes. An area where the 1llumination lenses 21856
are not formed 1n the second areas 262 1s set as the third area
263. The radio transmitting and recerving section G 1s dis-
posed 1n the third area 263.

In the third area 263 of the optical unit 203, a second recess
203¢ 1s formed 1n the flat plate 217, the spacer member 208,
and the flat plate 218 from the bottom surface 203¢ of the
optical unit 203 along the laminating direction S.

In the present embodiment, the image pickup device 202
includes the 1mage pickup section 204, the first peripheral
circuit sections 205 mounted with the light emitting elements
209, aradio transmitting and recerving element 211 including
a transmitting and recerving antenna and a transmitting and
receiving circuit formed as patterns, and a second peripheral
circuit section 255 mounted with the radio transmitting and
receiving clement 211. The image pickup device 202 1s
bonded to the bottom surface 2037 of the optical unit 203 such
that the 1image pickup section 204 1s located 1n the first area
261, the first peripheral circuit sections 205 and the light
emitting elements 209 are located 1n the second areas 262, the
light emitting elements 209 are located 1n the first recesses
203/, the second peripheral circuit section 255 and the radio
transmitting and recerving element 211 are located 1n the third
area 263, and the radio transmitting and recerving element
211 1s located 1n the second recess 203g.

The radio transmitting and receiving element 211 can
transmit an output signal of the image pickup device 202 to
the outside by radio and control the operation of the image
pickup device 202 from the outside. The radio transmitting,
and receirving element 211 can also transmit an 1dentification
signal peculiar to the 1mage pickup unit 201.

Since the 1image pickup unit 201 according to the present
embodiment includes the radio transmitting and receiving
clement 211, the image pickup umt 201 can be applied to, for
example, a capsule endoscope for medial use.

In the present embodiment, the light emitting elements 209
located 1n the second areas 262 1s an organic EL including a
thin-1ilm luminous element and 1s directly formed in the first
peripheral circuit sections 205 of the image pickup device
202. Light emitting operation of the light emitting elements
209 1s controlled by the first peripheral circuit sections 205 of
the image pickup device 202 1n synchromization with image
pickup operation of the image pickup device 202.

As explained above, 1n the present embodiment, a part of
the second areas 262 of the optical unit 203 1s set as the third
area 263 and the radio transmitting and receiving element 211
1s provided 1n the third area 263.

Therefore, since areas other than the 1mage pickup optical
section A of the optical unit 203 can be used not only as the
1llumination optical sections B but also as the radio transmiut-
ting and recerving sections G, it 1s possible to realize a high-
function small image pickup unit having not only an 1llumi-
nation function but also a radio function.

In the present embodiment, the resin lens 206 having a
rectangular shape 1n plan view from above 1s formed on the
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image pickup lens 217a integrally with the image pickup
lenses 217a. Therefore, it 1s possible to combine the 1llumi-
nation function, the radio function, and the like to improve the
functions without increasing an image pickup unit 1n size. For
example, when the 1mage pickup unit 1s provided at, for
example, an msertion section distal end of an endoscope, an
insertion section distal end section can be reduced 1n si1ze and
diameter. Further, when the image pickup unit 1s provided 1n
a capsule endoscope, the capsule endoscope itself can be

reduced 1n size. Other effects of the present embodiment are
the same as those 1n the third embodiment.

(Fifth Embodiment)

An optical unit and an 1image pickup unit according to a
fifth embodiment of the present invention are explained
below. Configurations of the optical unit and the image
pickup unit according to the present embodiment are different
from those of the optical unit and the image pickup unit
according to the fourth embodiment 1n that the image pickup
lens 218a of the flat plate 218 includes a Fresnel lens and that
the image pickup lens 217a of the flat plate 217 includes an
aspherical lens. Therefore, only the differences are explained.
Components same as those in the fourth embodiment are
denoted by the same reference numerals and s1igns and expla-
nation of the components 1s omitted.

As shown in FIG. 27, 1n the present embodiment, the image
pickup lens 218a includes a Fresnel lens 259. The Fresnel
lens 259 1s formed by molding transparent resin and 1s thin
compared with a normal convex lens. The image pickup lens
218a may 1nclude a diffractive lens without being limited to
the Fresnel lens.

The 1mage pickup lens 217a includes an aspherical lens
256. Since the aspherical lens 256 1s formed by molding glass
at high temperature, a complicated lens shape 1s obtained
compared with the normal convex lens. The 1llumination
lenses 218H and 2196 may include the Fresnel lens 259, the
diffractive lens, or the aspherical lens 256.

The radio transmitting and recerving section G 1s provided
in the third area 263 of the optical unit 203. In the third area
263 of the optical unit 203, a second recess 203 1s formed 1n
the tlat plate 217, the spacer member 208, and the flat plate
218 from the bottom surface 203¢ of the optical unit 203 along
the laminating direction S.

In the present embodiment, the 1mage pickup device 202
includes the 1mage pickup section 204, the first peripheral
circuit sections 205 mounted with the light emitting elements
209 including, for example, white LEDs, a radio transmitting
and receiving element 251 including a coil-like transmitting
and receiving antenna and a transmitting and receiving cir-
cuit, and the second peripheral circuit section 255 mounted
with the radio transmitting and receiving element 251. The
image pickup device 202 1s bonded to the bottom surface 203«
ol the optical unit 203 such that the 1image pickup section 204
1s located in the first area 261, the first peripheral circuit
sections 205 and the light emitting elements 209 are located 1n
the second areas 262, the light emitting elements 209 are
located 1n the first recesses 203/, the second peripheral circuit
section 255 and the radio transmitting and receiving element
251 are located 1n the third area 263, and the radio transmuit-
ting and receiving element 251 1s located 1n the second recess
203m.

The radio transmitting and recewving element 251 can
transmit an output signal of the image pickup device 202 to
the outside by radio and control the operation of the image
pickup device 202 from the outside. The radio transmitting
and recerving element 251 can also transmit an 1dentification
signal peculiar to the 1image pickup unit 201.
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In the present embodiment, as 1n the second embodiment,
the radio transmitting and recerving element 251 transmits a
signal outputted from the second peripheral circuit section
255 of the image pickup device 202 to the outside and
receives a signal from the outside and transmits the signal to
the second peripheral circuit section 255.

Since the image pickup unit 201 having the configuration
explained above includes the radio transmitting and receiving
clement 251, the image pickup unmt 201 can be applied to, for
example, a capsule endoscope for medical use.

In the present embodiment, the image pickup lens 218a
includes the Fresnel lens 259 and the image pickup lens 217a
includes the aspherical lens 256. Consequently, optical path
length 1n the image pickup optical section A can be set shorter
than that in the fourth embodiment. Therefore, the image
pickup unit 201 can be further reduced 1n size and the perior-
mance of the image pickup optical section A can be further
improved. Other effects are the same as those in the fourth
embodiment.

A modification of the present embodiment 1s explained
with reference to FIG. 28. In the present embodiment
explained above, the light emitting elements 209 are located
in the second recesses 203/ 1n the illumination optical sec-
tions B. However, the present invention 1s not limited to this.
As shown m FIG. 28, light guides 212 may be arranged
instead of the light emitting elements 209 1n the i1llumination
optical sections B. Not-shown lamps are arranged on proxi-
mal end sides of the light guides 212. The light gmides 212
transmit light beams emitted according to light emission of
the lamps to the image pickup umt 201 as 1llumination light
beams. The transmitted illumination light beams are
expanded and 1rradiated to a subject 1n the illumination opti-
cal sections B.

In the present configuration, as shown 1n FIG. 28, an exter-
nal shape of the image pickup device 202 1s set smaller than
that of the optical unit 203 to avoid the light guides 212.
However, not-shown through holes for insertion are formed 1n
the 1mage pickup device 202 or four corners of the image
pickup device 202 are chamiered, whereby distal ends of the
light guides 212 are arranged 1n positions facing the 1llumi-
nation optical sections B.

In the present embodiment, the radio transmitting and
receiving element 251 1s provided in the third area 263. How-
ever, the present invention 1s not limited to this. A sensor such
as an acceleration sensor, a magnetic sensor, or a GPS, a
motor, or an actuator such as a piezoelectric element may be
arranged 1n the third area 263. The same holds true in the
tourth embodiment.

The optical unit or the image pickup unit explained 1n the
third to fifth embodiments 1s able to be provided 1n, for
example, the endoscope shown 1n FIG. 22. An endoscope, for
example, an endoscope for oblique view 1including the optical
unit or the 1image pickup unit explained in the third to fifth
embodiments at a distal end portion of an 1nsertion section has
a small diameter at the distal end portion.

The optical unit or the image pickup unit explained in the
third to fifth embodiments may be provided in a capsule
endoscope for medical use or may be applied not only to the
endoscope but also to a cellular phone with camera and a
digital camera.

As explained above, according to the present mmvention
illustrated by the third to fifth embodiments, it 1s possible to
provide an optical unit, an image pickup unit, a manufactur-
ing method for an optical unit, and a manufacturing method
for an 1mage pickup unit that can effectively utilize an area
other than an area where a light beam from a subject passes
and realize a reduction 1n size.
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Specifically, the present invention i1llustrated 1n the third to
fifth embodiments 1s as explained below.

(1) An optical unit including a laminated body including:
an 1mage pickup optical section formed to have, 1n a state of

plan view from above of the laminated body formed by bond-

ing plural optical components, an 1image pickup lens along a

laminating direction of the optical components 1n a first area

of the laminated body; and

an 1llumination optical section formed to have, 1n the state
of plan view from above of the laminated body, an 1llumina-
tion lens along the laminating direction in a second area set to
avold the 1mage pickup optical section.

(2) The optical unit according to (1) above, wherein
the 1mage pickup lens and the i1llumination lens include

plural lenses, and

a Fresnel lens or a diffractive lens 1s provided 1n at least one
of at least a part of the image pickup lens and at least a part of
the 1llumination lens.

(3) The optical unit according to (1) above, wherein at least a
part of the image pickup lens has a rectangular external
shape 1 plan view from above.

(4) The optical unit according to any one of (1) to (3) above
turther including a radio transmitting and receiving section
in a third area that forms a part of the second area 1n the
state of plan view from above of the laminated body.

(5) An 1mage pickup unit including an optical unit and an
image pickup device mounted with the optical unit includ-
ng:
an 1mage pickup optical section formed to have, 1n a state of

plan view from above of the optical unit including a laminated

body formed by bonding plural optical components, an image
pickup lens along a laminating direction of the optical com-
ponents 1n a first area of the optical unait;

an 1llumination optical section formed to have, 1n the state
of plan view from above of the optical unit, an 1llumination
lens along the laminating direction in a second area set to
avold the 1mage pickup optical section;

a first recess drilled along the laminating direction from a
bottom surface of the optical unit in the second area of the
optical unit; and

the 1mage pickup device having an 1image pickup section
and a first peripheral circuit section, 1n which a light emitting
clement 1s provided, and bonded to the bottom surface of the
optical unit such that the image pickup section 1s located 1n
the first area, the first peripheral circuit section and the light
emitting element are located 1n the second area, and the light
emitting element 1s located in the first recess.

(6) The image pickup unit according to (5) above, wherein a
light blocking member 1s provided on a circumierential
surface of the first recess.

(7) The mmage pickup unit according to (5) or (6) above
turther including a radio transmitting and receiving section
in a third area that forms a part of the second area 1n the
state of plan view from above of the optical unat.

(8) The 1mage pickup unit according to (7) above turther
including;:

a second recess drilled along the laminating direction from
the bottom surface of the optical unit in the third area of the
optical unit;

the 1image pickup device including the 1mage pickup sec-
tion, the first peripheral circuit section, in which the light
emitting element 1s provided, and a second peripheral circuit
section, in which a radio transmitting and receiving element 1s
provided, and bonded to the bottom surface of the optical unit
such that the 1mage pickup section 1s located 1n the first area,
the first peripheral circuit section and the light emitting ele-
ment are located in the second area and the light emitting
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clement1s located in the firstrecess, and the second peripheral

circuit section and the radio transmitting and recerving ele-

ment are located in the third area and the radio transmitting,

and receiving element 1s located 1n the second recess.

(9) The 1mage pickup unit according to any one of (5) to (8)
above, wherein

the 1mage pickup lens and the illumination lens include
plural lenses; and

a Fresnel lens or a diffractive lens 1s used 1n at least one of
at least a part of the image pickup lens and at least a part of the
illumination lens.

(10) The image pickup unit according to any one of (35) to (9)
above, wherein

the 1mage pickup lens and the illumination lens include
plural lenses; and

at least one of at least a part of the image pickup lens and at
least a part of the 1llumination lens has a rectangular external
shape 1n plan view from above.

(11) An endoscope including the optical unit according to any
one of (1) to (4) above.

(12) An endoscope including the image pickup unit according
to any one of (3) to (10) above.

Having described the preferred embodiments of the inven-
tion referring to the accompanying drawings, 1t should be
understood that the present invention is not limited to those
precise embodiments and various changes and modifications
thereot could be made by one skilled in the art without depart-
ing from the spirit or scope of the invention as defined 1n the
appended claims.

What 1s claimed 1s:
1. An optical unit including a laminated body, the optical
unit comprising:

an 1mage pickup optical section formed to have, i plan
view when viewed from above the laminated body
formed by bonding plural optical components, an image
pickup objective lens along a laminating direction of the
optical components, wherein the laminated body has a
polygon shape 1n plan view when viewed from above,
wherein the laminated body has a plurality of comers 1n
plan view when viewed from above, wherein the lami-
nated body has a center area 1n plan view when viewed
from above, the center area excluding the plurality of
comers, wherein the laminated body has a peripheral
area 1n plan view when viewed from above, the periph-
cral area excluding the center area and including the
plurality of comers, and wherein the image pickup
objective lens 1s located only 1n the center area of the
laminated body; and

an 1llumination optical section formed to have, 1n plan view
when viewed from above the laminated body, a plurality
of i1llumination lenses along the laminating direction,
wherein the plurality of 1llumination lenses are located
only at the plurality of comers of the laminated body 1n
the peripheral area of the laminated body such that the
plurality of 1llumination lenses are set to avoid the image
pickup optical section;

wherein the laminated body has a plurality of recesses for
housing a light emitting element and a radio transmitting
and receiving section, the recesses being formed at the
plurality of comers 1n plan view when viewed from
above the laminated body.

2. The optical unit according to claim 1, wherein:

the 1mage pickup lens and at least one 1llumination lens
cach includes plural lenses;
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a lens group of the image pickup lens and a lens group of
the at least one 1llumination lens are formed 1n the lami-
nating direction with a common thickness and space;
and

a Fresnel lens or a diffractive lens 1s provided in at least one
of at least a part of the image pickup lens and at least a
part of the at least one 1llumination lens.

3. The optical unit according to claim 1, wherein at least a

part of the image pickup lens has a rectangular external shape

in plan view from above.

4. The optical unit according to claim 1, wherein the poly-
gon shape 1s a rectangle.

5. An 1mage pickup unit, comprising:

an optical unit mounted with an 1mage pickup device;

an 1mage pickup optical section formed to have, 1n plan
view when viewed from above the laminated body
formed by bonding plural optical components, an image
pickup objective lens along a laminating direction of the
optical components, wherein the laminated body has a
polygon shape 1n plan view when viewed from above,
wherein the laminated body has a plurality of comers in
plan view when viewed from above, wherein the lami-
nated body has a center area 1n plan view when viewed
from above, the center area excluding the plurality of
comers, wherein the laminated body has a peripheral
area 1n plan view when viewed from above, the periph-
eral area excluding the center area and including the
plurality of comers, and wherein the image pickup
objective lens 1s located only 1n the center area of the
laminated body; and

an 1llumination optical section formed to have, in plan view
when viewed from above the laminated body, a plurality
of 1llumination lenses along the laminating direction,
wherein the plurality of illumination lenses are located
only at the plurality of comers of the laminated body 1n
the peripheral area of the laminated body such that the
plurality of illumination lenses are set to avoid the image
pickup optical section;

wherein the image pickup unit further comprises:

at least one recess drilled along the laminating direction
from a bottom surface of the optical unit in the peripheral
area ol the optical unit;

a light emitting element having an 1image pickup section
and a first peripheral circuit section, in which a light
emitting element 1s provided, and bonded to the bottom
surface of the optical unit such that the image pickup
section 15 located 1n the center area, the first peripheral
circuit section and the light emitting element are located
in the peripheral area, and the light emitting element 1s
housed 1n the recess; and

a radio transmitting and receiving section located 1n the
peripheral area 1n plan view when viewed from above
the optical unit, and housed 1n the recess.

6. The 1image pickup unit according to claim 5, wherein a
light blocking member 1s provided on a circumierential sur-
face of the first recess.

7. The 1image pickup unit according to claim 3, further
comprising:

an 1mage pickup device including the first peripheral cir-
cuit section and the second peripheral circuit section, 1n
which a radio transmitting and receiving element
included in the radio transmitting and receiving section
1s provided, and bonded to the bottom surface of the
optical unit such that the image pickup section 1s located
in the center area, the first peripheral circuit section, the
light emitting element, and the radio transmitting and
receiving element are located 1n the peripheral area, the
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light emitting element 1s located 1n a first recess of the at
least one recess, and the radio transmitting and receiving
clement 1s located 1n a second recess of the at least one
recess.

8. The image pickup unmit according to claim 7, wheremn: s

the 1mage pickup lens and at least one 1llumination lens
include plural lenses; and

a Fresnel lens or a difiractive lens 1s used 1n at least one of
at least a part of the image pickup lens and at least a part
of the at least one 1llumination lens. 10

9. The image pickup unmit according to claim 8, wherein:

at least one of at least a part of the image pickup lens and at
least a part of the at least one illumination lens has a
rectangular external shape 1n plan view from above.

10. The 1mage pickup unit according to claim 5, wherein 15

the polygon shape 1s a rectangle.
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